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PYRAZINES AS ATTRACTANTS FOR INSECTS OF ORDER COLEOPTERA 

The present invention relates to the control of harmful agricultural and horticultural 
5 insect pests, principally of the order Homoptera specifically relating to the family 
Aphididae, through the use of signal substances (semiochemicals) that alter the 
behaviour of populations of predators, belonging to the order Coleoptera specifically 
relating to the family Coccinellidae, and which are predator-derived. 

10 In the control of pests, especially insects, of plants of agricultural and horticultural 
importance, the aim is to subject pests to a pesticide through contact or ingestion in 
such a way that there is optimal exposure of the insect to the pesticide, and minimal 
contact of the pesticide with the plants to be protected and the soil in which they 
grow. In integrated pest management (IPM) programmes for the control of plant 

15 pests, the aim is to incorporate the use of pesticides with other methods of pest 
control, such that the harmful effects of pesticides on warm-blooded animals, 
beneficial insects and the surrounding environment are minimised. One way is 
through the use of signal substances (semiochemicals) that influence the behaviour or 
development of insects, via signalling and not via direct physiological action. The 

20 most active semiochemicals are pheromones, which are semiochemicals acting only 
between members of the same species. For pests, semiochemicals can be used either 
for the disruption of the pairing process, for monitoring of pest populations prior to 
pesticide usage, or to lead pests to a source of pesticide or bio-pesticide that is 
provided in discrete regions in the crop-area. Semiochemicals can also be used to 

25 draw pest predators and parasites into the vicinity of the area of vegetation to be 
protected. Effective control of insect pests using semiochemicals requires slow 
release of the substances from a matrix, substrate or microcapsule, such that the 
substances are protected from the weather and light, and are released in biologically 
effective amounts over a prolonged period of time. Pheromones can be sexual signal 

30 or aggregation signal substances, where the former is produced in most cases by the 
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adult females to attract individuals of the opposite sex, and in the case of the latter 
are produced by one or other of the sexes, to which both sexes are attracted. 
Pheromones are often volatile and their effect on attraction can reach over long 
distances. Kairomones are semiochemicals of advantage to the recipient but 
5 disadvantage the emitter. For the predators of pests they are produced by the prey 
insects. 

Insects of the order Homoptera representative of the family Aphididae ("aphids" 
e.g. greenfly and blackfly) are major agricultural and horticultural pests in Western 

10 and Northern Europe (Pickett et al, Ann. Rev. Entom., 37, 67-90 (1992)). 
Predators and parasites of pest aphids are beneficial because of the role they have in 
controlling prey populations, and could be exploited more effectively as biological 
control agents by use of semiochemicals. In relation to the aims of the invention, 
very little is known of the identity of predator-derived signal substances that 

15 influence the behaviour of aphid predators belonging to the family Coccinellidae 
("ladybirds", "ladybeetles", "ladybugs"). Previous reports on aphid-derived 
substances Le. kairomones are limited, for example it has been shown that 
populations of the aphidophagous ladybird Hippodamia convergens Guerin were 
affected by food sprays containing artificial aphid honeydew, but this was later 

20 shown to be only an "arrestant" response and not "attraction" (Hagen et al. 9 Proc. 
Tall Timbers Conf. On Ecol, Animal Control and Habitat Management, Vol. 2, 59- 
81 (1971)). It is, though, well documented that ladybirds aggregate in the autumn 
prior to overwintering (M.E:N. Majerus, in Ladybirds (1994)). However, no 
compounds causing attraction of ladybirds or increased foraging of ladybirds thereby 

25 increasing predation have been reported in the scientific literature. 

Ladybirds and many other insect species have been shown to possess chemical means 
for defence. For example, the widespread occurrence of methylpyrazines as 
communal insect defence odours was reported by Moore et al (Chemoecology 1 43- 
30 51 (1990)). This paper also reported the tentative identification of 2-isopropyl-3- 
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10 



15 



20 



methoxy pyrazine, 2-$£C-butyl-3-methoxypyrazine and 2-isobutyl-3-methoxypyrazine 
as warning chemicals which were components of a number of aposematic insects and 
their host plants. The compounds were identified using selected ion monitoring of 
volatile extracts and comparison of gas chromatography (GC) retention times. These 
compounds were also tentatively identified as components of the aposematic beetle 
Metriorrhynchus rhipidus (Moore, B. P., & Brown, W. V., Insect Biochem 11 493- 
499 (1981)). Both of these papers only describe the biological roles of these 
pyrazines as either alerting signals or warning odours utilised by aposematic insects 
to repel would-be predators. 

A pheromonal cue for ladybirds has now been discovered which can be used to 
preserve overwintering populations for later use in the control of aphid pests. 
Surprisingly, it has been found that the methoxypyrazine compounds identified as 
warning compounds or alerting odours also have a role as ladybird attractants. 

According to a first aspect of the invention there is provided the use of a compound 
of general formula (I) as an attractant for conspecific adults of the family 
Coccinellidae belonging to the order Coleoptera 




in which: 



R l is H or (C r C 4 )alkyl 
R 2 isCH 3 or C 2 H 5 
R 3 is H 



R'isH 



/ 
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As used herein the term tt (C r C 4 )alkyl" refers to a straight or branched chain 
hydrocarbon molecule having from one to four carbon atoms. Illustrative of such 
groups are methyl, ethyl, propyl, isopropyl, butyl, iso-butyl, j<?c-butyl or tot-butyl. 

5 The discovery of the invention means that the amount of insecticides, which are 
often toxic to warm-blooded animals and useful insects, required for the treatment of 
herbaceous areas can be restricted considerably. This novel procedure which is also 
advantageous from the ecological point of view is also applicable to those concepts 
that are based on integrated plant protection and have already received considerable 

10 attention. The invention is applicable to a wide range of integrated pest management 
(IPM) schemes in use for protection of agricultural and horticultural systems. 

Preferred compounds according to general formula (I) are 2-isopropyl-3-methoxy 
pyrazine, 2-sec-butyl-3-methoxypyrazine and 2-isobutyl-3-methoxypyrazine. 

15 

The family Coccinellidae includes the following species: Coccinella septempunctata 
L., Adalia bipunctata L., Hippodamia convergens Guerin, Epilachna cucurbitae 
Richards, Epilachna 26-punctata (Boisid.), Subcoccinella 24-punctata L., Rhyzobius 
ventralis Erichson, Rodalia cardinalis Mulsant, Rodatus boucardi Crotch, 
20 Cryptolaemus montrouzierii Mulsant, Parapriasus australasiae (Boisd.), Micraspis 
frenta (Erichson), Illeus sp., C. transversalis and Harmonia conformis (Boisd.). In a 
preferred embodiment of the present invention, the attractant compound of general 
formula (I) may be used to attract conspecific adults of the species Coccinella 
septempunctata. 

25 

According to a second aspect of the present invention there is provided the use of a 
compound according to general formula (I) in the preparation of an agent for 
attracting conspecific adults of the family Coccinellidae belonging to the order 
Coleoptera. The compounds of general formula (I) can be formulated in any 
30 appropriate carrier medium 
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Formulations of a compound of general formula (I) may include aqueous and non- 
aqueous solutions which may optionally contain antioxidants, buffers, bacteriostats 
and suspending agents or thickening agents. Excipients which may be used include 

5 water, alcohols, polyols, glycerine and vegetable oils, for example. Organic 
solvents in addition to alcohols and polyols may also be used in preparing 
formulations where acceptable. The compositions may be stored in unit-dose or 
multi-dose containers, for example sealed ampoules and vials, and may be stored in 
a freeze-dried (lyophilized) condition requiring only the addition of the liquid 

10 carried, for example water, immediately prior to use. The formulation may also be 
activated by the action of moisture from the environment in the form of condensation 
or humidity, rain etc. Extemporaneous solutions and suspensions may be prepared 
from powders, granules and tablets. The preparations may also be formulated under 
sterile conditions, if necessary. The formulations may contain preserving agents, 

15 solubilising agents, stabilising agents, wetting agents, emulsifiers, colourants, 
odourants, salts (molecules of the present invention may themselves be provided in the 
form of a biochemically active salt), buffers, coating agents or antioxidants. They may 
also contain bioactive agents in addition to a compound according to general formula (I) 
of the present invention. 

20 

It is also envisaged that formulations may be prepared by incorporating a compound 
of general formula (I) as previously defined into a solid or a gelatinous base for 
release of the chemoattractant. Solid bases include but are not limited to natural or 
artificial polymer materials, suitably in the form of sheets or membranes 

25 incorporating the chemoattractant, or alternatively comprising a number of woven 
fibres of material coated with the chemoattractant or otherwise containing the 
chemoattractant within its structure. Potential solid materials include, cellulose, 
nitrocellulose in the form of membranes or woven fibrous materials. Fibrous 
materials may be manufactured from any convenient material, including, cotton, 

30 wool, silk, or a polymer, or a combined multi-component fibre. Where the thread 
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has a polymer component, the polymer may be cellulose, polyethylene (suitably, 
ultra-high modulus polyethylene) polyester, terylene, nylon, lyocell (Tencel™), or 
any other suitable polymer fibre. Suitably the article can be composed of fibres of 
different degrees of microfibrillation. The chemoattractant may also be incorporated 
5 within a gelatinous material or a gel composed of natural or synthetic materials, such 
as for example resins, oils or waxes. 

According to a third aspect of the present invention there is provided a sustained 
release formulation comprising a compound of general formula (I) for use as a 

10 chemoattractant for conspecific adults of insects belonging to the family 
Coccinellidae of the order Coleoptera. Sustained release formulations may be 
prepared by any appropriate means for the release of volatile organic compounds, 
including formulations described above in relation to the previous aspect of the 
invention. Such compositions may be presented as discrete units such as capsules, 

15 inserts, membranes, woven fibres or tablets; as powders or granules; as solutions, 
syrups or suspensions (in aqueous or non-aqueous liquids; or as foams or whips; or 
as emulsions); as solids or gels* incorporating the chemoattractant, including 
membranes, woven fibres and other substrates. Suitable excipients for tablets, 
inserts or capsules include lactose, maize starch or derivatives thereof, stearic acid 

20 or salts thereof. Alternative excipients can include, for example vegetable oils, 
waxes, fats, semi-solid, or liquid polyols etc. Prior to use the sustained release 
formulation may be appropriately packaged to prevent release until desired. The 
sustained release formulation may though be activated by environmental conditions, 
such as for example moisture. Where the formulation is prepared as a capsule, the 

25 capsule may be formulated from any suitable porous material including hard or soft 
gelatin. 

According to a fourth aspect of the present invention there is provided a method for 
controlling an insect pest species c omprising administering a formulation as 
30 previously described to an infested area wherein the formulation attracts conspecific 
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adults of a predator non-pest insect of the family Coccinellidae belonging to the 
family Coleoptera. 

Pest species which may be controlled in accordance with this aspect of the invention 
5 include the natural prey species of the Coccinellid insect to be attracted. In general , 
it is to insect pests of the order Homoptera, specifically relating to the family 
Aphididae. Where the predator insect is Coccinella septempunctata L. an 
appropriate pest species may be an aphid species also known as "green fly" or 
"black fly". 

10 

According to a fifth aspect of the present invention there is provided a kit comprising 
a sustained release formulation as previously defined and a device for containing 
conspecific adults of the family Coccinillidae belonging to the order Coleoptera. 
Alternatively, the kit may comprise a compound of general formula (I) which is not 

15 prepared as a sustained release formulation, optionally together with a carrier. The 
kits in accordance with this aspect of the invention may be designed to any 
appropriate dimensions to be used as containers for Coccinellid insects which have 
been attracted into the devices. The devices can then be used as environmental pest 
control means when placed at a site of pest in festation or to prev ent inf estation in an 

20 ^unaffected site . Typically, these devices will be used in greenhouses or commercial 
glasshouses, or any other construction to cover or otherwise enclose a plant growing 
area. These devices may also find application in the open where particular pest 
infestation problems are encountered. As the chemoattractant formulation is 
dissipated in use, it may be replaced in the device by another chemoattractant 

25 formulation, suitably in the form of an insert. Alternatively, the device may be re- 
dosed with the formulation. 

Preferred aspects for the second and subsequent aspects of the invention are as for 
the first aspect mutatis mutandis. 

30 
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The invention will now be further described by way of example only with reference 
to the following Examples and Drawings which are included or the purposes of 
illustration only and are not to be construed as being limiting on the present 
invention. Reference is also made to a number of figures in which: 

5 

FIGURE 1 shows a gas chromatogram (50m x 0.32mm i.d. HP-1 column) of 
vacuum distillate from extract of C. septempunctata adults; the arrow 
indicates the peak at which organoleptic activity was detected. 

10 FIGURE 2 shows a mass spectrum from the peak marked by an arrow in 

Figure 1. Coupled GC-MS was provided by a capillary GC column (50m x 
0.32mm i.d. HP-1) fitted with an on-column injector coupled directly to a 
mass spectrometer (VG Autospec, Fisons Instruments). 



15 Organoleptic evaluation of volatile compounds isolated from C sevtempunctata 

Organoleptic evaluation of separated components in GC effluent is an effective 
technique, though relatively underexploited in chemical ecology, for the 
identification of volatiles responsible for the characteristic odour of extracts collected 
from biological systems (e.g. Zeng et aL, J. Chem, EcoL, 1991). In a similar 

20 manner to that of coupled GC-electrophysiology (L.J. Wadhams, in Chromatography 
and Isolation of Insect Hormones and Pheromones, 1990), where GC -separated 
components are passed over an insect antenna, the volatiles are presented to the 
human nose for the location of distinctive odours. Although there are similarities in 
olfactory responses by human beings and arthropods including insects, when the 

25 organoleptic technique is applied to the identification of insect semiochemicals, 
extreme caution must be exercised in ensuring that compounds detected by human 
olfaction are of significance to the insects under investigation. When heteroatoms 
are incorporated, human olfaction, on a body weight basis, can show similar 
sensitivity to that of insects (Seifert, /. Agric. Food Chem., 18, (2), 246-249 

30 (1970)). 
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The seven-spot ladybird Coccinella septempunctata L. is one of the most important 
aphidophagous species. The behavioural responses of C. septempunctata adults to 
conspecifics and to an extract of isolated C. septempunctata volatiles in a modified 

5 Pettersson olfactometer for use with walking insects were monitored (J. Pettersson, 
Entomol. Scand, 1, 63, (1970)). Tests with male and female C. septempunctata 
showed significant attraction to volatiles released by conspecific adults. The vacuum 
distillate isolated from an extract (chloroform) of C. septempunctata adults was also 
attractive. Human olfactory assessment of the whole extract revealed that the 

10 characteristic odour of ladybirds had been retained. Organoleptic evaluation of the 
sample separated on a non-polar HP-1 column suggested that a single area of interest 
was responsible for this characteristic odour. This compound was tentatively 
identified from coupled GC-MS as 2-isopropyl-methoxypyrazine (NIST, 1990) and 
this was confirmed by peak enhancement with authentic compound, obtained from 

15 the Aldrich Chemical Company (Gillingham, UK). Olfactometer tests with adult C. 
septempunctata indicated that this pyrazine accounted for the activity of the extract. 
The behavioural response appeared to take on the form of an "attraction-arrestant n 
response, whereby the beetles were initially attracted to the volatile component 
source and thereafter exhibited reduced mobility. 

20 

Example 1 : Pheromone Isolation Example 

Adult male and female C. septempunctata (ca. 1000) were collected from grounds 
surrounding IACR-Rothamsted and kept in ventilated sandwich boxes at 20°C until 
required, were cooled with liquid nitrogen and extracted with freshly distilled 
25 chloroform (2 x 200 ml) for 24h (48h in total) at 25°C. The combined extracts were 
dried using anhydrous, magnesium sulphate, filtered, and evaporated to ca. 5 ml. 
Volatiles were collected by vacuum distillation under reduced pressure (21h, 0.03 
torr) and the resulting extract concentrated under a stream of nitrogen to 100 jd and 
stored in a tightly capped micro vial at -20°C. 

30 



6/7/2007, EAST Version: 2.1.0.14 



WO 99/37152 



10 



PCT/GB99/00275 



Example 2: Pheromone identification Example 

To determine which of the . volatile components resembled, to human beings, the 
characteristic odour of ladybirds, a panel of two judges (MAB, JAP) was assembled 
to perform organoleptic evaluation. Prior to chromatographic separation, the odour 
5 of the entire vacuum distillate was assessed. Olfactory sampling of the GC effluent 
began 2 minutes after injection. Volatiles were separated on an AI93 GC equipped 
with a cold on-column injector, a flame ionization detector (FID) and a 50 m x 0.32 
mm i.d. HP-1 capillary column. The oven temperature was maintained at 40°C for 
2 minutes and programme at 57minute to 100°C, then a 107minute to 250°C. The 
10 carrier gas was hydrogen. 

Coupled GC-MS was provided by a capillary GC column (50 m x 0.32 i.d. HP-1) 
fitted with an on-column injector directly coupled to a mass spectrometer (VG 
Autospec, Fisons Instruments). Ionization was by electron impact at 70eV, 250°C. 
15 The oven temperature was maintained at 30°C for 5 minutes and then programmed at 
50/minute to 250°C. Tentative identification by GC-MS was confirmed by peak 
enhancement on GC with authentic 2-isopropyl-3-methoxypyrazine (97%) (Aldrich 
Chemical Company, Gillingham, UK). 

20 Example 3: Behavioural bioassav example 

The olfactometer has already been described in principle in the literature (J. 
Pettersson, Entomol. Scand. 1, 63 (1970)), and is modified for use with walking 
insects. This comprises a weak airstream being directed towards the centre of the 
olfactometer from two drawn-out arms to which volatile sources are applied at the 

25 inlets. The arena is divided into two zones with a neutral zone in the centre. The 
olfactometer is surrounded by white paper screen (30 cm high) to minimise the effect 
of visual stimuli in the environment. Both arms are supplied with moist filter paper 
(2x2 cm) to minimize differences in relative humidity. To avoid arena 
contamination the bottom of the olfactometer is covered with white paper which is 

30 changed between experiments. 
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For each experiment, one C. septempunctata adult was introduced into the centre of 
the chamber and its position noted every 2 minutes for 20 minutes. Each experiment 
was replicated 5 or 10 times and the results analysed by f-test; the number of visits 
into the treatment arm was compared with visits into the treatment arm was 
compared with visits to the control arm. Stimuli comprised: (1) one C. 
septempunctata adult, either male or female; (2) C. septempunctata vacuum 
distillate (0.04 insect equivalents containing 0.05 ng/p.1 2-isopropyI-3- 
methoxypyrazine); (3) 2-isopropyl-3-methoxypyrazine at 0.05 ngy>i. Treatments (2) 
and (3) were applied in 0.5ji microcaps. If the insect did not move between two 
observations, the experiment was terminated and the data discarded. Results of these 
studies are shown in Table L 

Table 1 

Responses of overwintering Coccinella septempunctata 
adults in the two-arm olfactometer* 



Stimulus 


Mean no. 
Observations in 
Treated arm 


Mean no. 
observations in 
control arm** 


P 


Replicates (N) 


C. septempunctata 
(single adult) 


5.8 (1.32) 


2.9(1.45) 


<0.05 


10 


C. septempunctata 
(vacuum distillate) 


6.8 (1.92) 


3.2(1.92) 


<0.05 


5 


2-isopropyl-3- 
methoxypyrazine 


8.4 (1.90) 


1.6(1.90) 


<0.01 


10 



"Cumulative counts over 20 minutes. Figures in brackets refer to standard 
deviation. 

** Control « solvent (diethyl ether) 
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CLAIMS 



1. The use of a compound of general formula (I) as an attractant for conspecific 
adults of the family Coccinellidae belonging to the order Coleoptera 



R 3\^N^.OR 2 



10 



in which: 

R l is H or (C r C 4 )alkyl 
R 2 is CH 3 or C 2 H 5 
15 R 3 is H 

R 4 isH 



2. A use as claimed in claim 1, in which the compound is 2-isopropyl-3- 
methoxy pyrazine, 2-jec-butyl-3-methoxypyrazine or 2-isobutyl-3-methoxypyrazine. 

20 

3. A use as claimed in claim 1 or claim 2, in which the insect of the family 
Coccinellidae is Coccinella septempunctata L.. 

4. The use of a compound according to general formula (I) in the preparation of 
25 an agent for attracting conspecific adults of the family Coccinellidae belonging to the 

order Coleoptera. 

5. A sustained release formulation comprising a compound of general formula 
(I) for use as a chemoattractant for conspecific adults of insects belonging to the 

30 family Coccinellidae of the order Coleoptera. 
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6. A method for controlling an insect pest species comprising administering an 
agent as defined in claim 4 or a formulation as defined in claim 5 to an infested area 
wherein the formulation attracts conspecific adults of a predator non-pest insect of 
the family Coccinellidae belonging to the family Coleoptera. 

7. A method as claimed in claim 6, in which the pest species is of the family 
Aphididae. 

8. A kit comprising a sustained release formulation as defined in claim 5 and a 
device for containing conspecific adults of the family Coccinellidae belonging to the 
order Coleoptera. 
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